Summary &horbar; The effect of dietary energy balance (EB) on growth of ovarian follicles was tested. Cows (n = 9) were fed a high energy diet (HE diet; positive EB; n = 4) or switched to a low energy diet (LE diet; negative EB; n = 5) during the preovulatory period. Non-esterified fatty acids (NEFA) were greater in cows fed the LE diet. Concentrations of luteinizing hormone (LH) were similar in HE and LE cows. However, the growth of preovulatory follicles in cows fed the LE diet was 50% that of cows fed the HE diet. Insulin-like growth factor-I (IGF-I) in plasma was less in LE-fed cows compared with HE-fed cows, and plasma IGF-I was positively correlated to estrogen: progesterone ratio in follicular fluid of dominant follicles. In summary, slower follicular growth in cows fed an LE diet occurred despite normal plasma LH and coincided with reduced IGF-I and elevated NEFA in plasma. 
INTRODUCTION
The initiation of ovarian follicular growth during the early postpartum period of dairy cows may be directly affected by numerous hormones or metabolites whose secretion depends on the extent of negative energy balance experienced by the individual cow. These would include luteinizing hormone (LH; Stevenson and Britt, 1979; Nett, 1987; Butler and Smith, 1989) as well as growth factors (insulin (Poretsky and Kalin, 1987) or IGF-I (Gluckman et al, 1987; Hammond et al, 1988) ) and energy metabolites (nonesterified fatty acids [NEFA] or glucose). Plasma concentrations of IGF-I and insulin are low during periods of negative energy balance (Gluckman et al, 1987) and since these growth factors are critical to the development of the follicle (Adashi et al, 1985; Hammond et al, 1988) , their low concentration in the plasma may affect postpartum ovarian recrudescence. Although direct effects of low plasma IGF-I or insulin concentration on the ovary are not known, IGF-I is higher in the blood and follicular fluid of cattle selected for enhanced follicular growth and development (ie, multiple ovulation; Echternkamp et al, 1990) . Therefore, the ovary seems to be responsive to changes in concentrations of growth factors in the blood. The objectives of this study were to examine changes in hormones and growth factors in cows undergoing rapid changes in nutrient partitioning and to relate these to programmed changes in spontaneous preovulatory follicular development observed in the ovary. This information may elucidate additional factors controlling growth and development of follicles in postpartum cows in negative energy balance. (Thatcher et al, 1989 Foster and Dunn (1973) . Plasma concentrations of insulin (Collier et al, 1982) and growth hormone (GH; Badinga et al, 1991) were determined by radioimmunoassay. All samples were measured in 1 assay and the intra-assay coefficient of variation was 12.4 and 9.7% for insulin and GH assays, respectively. Plasma concentrations of IGF-I were determined by radioimmunoassay as described by Lee et al (1990) . The intra-and inter-assay coefficients of variation were 4.2 and 7.5%, respectively. Plasma concentrations of progesterone were measured in a single assay using procedures described previously (Knickerbocker et al, 1986) . Intra-assay coefficient of variation was 6%. Concentrations of estradiol in plasma were determined by a single antibody radioimmunoassay (Badinga et al, 1992) . All samples were analyzed in 1 assay. The sensitivity and intra-assay coefficient of variation were 0.5 pg/ml and 6.0%, respectively. Plasma LH was measured by radioimmunoassay as described by Lucy et al (1992) . Intra-and inter-assay coefficients of variation were 9.6 and 8.3%, respectively. (table III) . A significant negative correlation (tested by linear regression analysis) between IGF-I and GH in plasma was detected (Y = 84.3 -7.0X; P < 0.001; R 2 = 0.46; Y = IGF-I ng/ml; X = GH ng/ ml). Plasma progesterone concentrations increased (P < 0.001) following injection of Buserelin and CIDR insertion to a maximum of 7.6 ± 0.5 ng/ml after 2 d. Following injection of PGF 2 &oelig; mean plasma progesterone declined (P < 0.001) from 5.7 ± 0.6 ng/ml (d 1 of diet) to 2.4 ± 0.6 ng/ml (d 2).
MATERIALS AND METHODS

Animals
A further decline in progesterone occurred after removal of the CIDR on d 3 (1.3 ± 0.6 ng/ml) to a concentration of 0.7 ± 0.6 ng/ml on d 4. Concentrations of progesterone in plasma were similar (P > 0.10) for LE and HE-fed cows before (4.6 ± 1.2 and 7.3 ± 1.3 ng/ml, respectively) and after (2.8 ± 0.7 and 3.6 ± 0.8 ng/ml, respectively; (P = 0.43) for LE-fed and HE-fed cows (mean = 8.25 ± 2.0 mm and 10.6 ± 1.9 mm, respectively). During the dietary period, the largest follicles increased in size (P < 0.001 but growth of dominant follicles was slower (P < 0.01; table IV) in cows fed the LE diet (0.9 mm/day) compared with the HE diet (1.8 mm/day; fig 2) and a diet-by-day interaction was detected (P < 0.05). In addition, the second largest follicles decreased in size during the dietary period (P < 0.05) and the decrease in size tended to occur at a faster rate (-0.9 vs 0.3 mm/day; table IV; P < 0.10) in cows fed the HE diet compared with the LE diet (fig 2) . The relationship in size between the largest follicle and the second largest follicle differed between the HE and LE diets when examined by a covariance analysis for the dietary periods (P < 0.01). In the HE diet, a 1.4 mm increase in size of the largest follicle was associated with a 1.0 mm decrease in the size of the second largest follicle (-1.44; P < 0.01 for the LE diet there was no significant association between the size of the largest and second largest follicle (-0.08; P < 0.70).
IGF-I concentrations in follicular fluid on the day of ovariectomy are shown in table V. The results of 6 cows are presented only because the largest follicles in 3 cows (1 520, HE diet; 956 and 1 482, LE diet) were ruptured at the time of ovariectomy. Five of the six largest follicles collected had estradiol to progesterone ratios in follicular fluid greater than 1.0 (3 of 3 HE-fed cows and 2 of 3 LE-fed cows).
The IGF-I concentration in follicular fluid ranged from 18.7 ng/ml to 131.6 ng/ml. There tended to be a positive correlation (P < 0.06, analyzed by linear regression) between estrogen:progesterone ratio in follicular fluid and plasma IGF-I (Y=-. 4 .44 ± 0.17X P < 0.06; R 2 = 0.64; Y = E:P ratio; X = IGF-I in plasma). There was no correlation (P > 0.10) between IGF-I in plasma and follicular fluid estrogen to progesterone ratio and IGF-I in follicular fluid, or diameter of the follicle and IGF-I in serum or follicular fluid. (Lucy et al, 1991a, b) and 19.3 mm (Lucy et al, 1990 (Thatcher et al, 1989) . Following an injection of Buserelin, there was a rapid decline in the number of large follicles (> 10 mm) which were either luteinized or ovulated (table II). This was followed by an increase in the number of class 2 follicles on the ovary (6-9 mm). This increase was probably stimulated by the functional loss of large follicles (luteinizing by Buserelininduced LH release) thus releasing these smaller follicles from the effects of follicular dominance (Ireland and Roche, 1987 
DISCUSSION
